Human papillomavirus (HPV) vaccine coverage among girls is low. We used data reported by parents of 4103 girls, 13 to 17 years old, to assess associations with, and reasons for, delaying or refusing HPV vaccination. Sixty-nine percent of parents neither delayed nor refused vaccination, 11% delayed only, 17% refused only, and 3% both delayed and refused. Eighty-three percent of girls who delayed only, 19% who refused only, and 46% who both delayed and refused went on to initiate the vaccine series or intended to initiate it within the next 12 months. A significantly higher proportion of parents of girls who were non-Hispanic white, lived in households with higher incomes, and had mothers with higher education levels, delayed and/or refused vaccination. The most common reasons for nonvaccination were concerns about lasting health problems from the vaccine, wondering about the vaccine's effectiveness, and believing the vaccine is not needed.
Introduction
Human papillomavirus (HPV) is the most common sexually transmitted infection and is a causal factor for cervical cancer and genital warts. 1, 2 Nearly one half of adolescents in grades 9 to 12 report ever having sexual intercourse and are at risk for HPV infection. 3 The prevalence of HPV among girls 14 to 19 years old is 32.9%. 4 In 2007, routine vaccination with the quadrivalent HPV vaccine was recommended for girls 11 or 12 years and for females 13 to 26 years who were not previously vaccinated. 5 Since 2009, either quadrivalent or bivalent HPV vaccine is recommended. 6 As of 2010, 48.7% of girls, 13 to 17 years old, had initiated the 3-dose vaccine series; 32.0% had received 3 doses. 7 Although vaccination rates for ≥1 and ≥3 HPV doses among girls increased in 2012 to 53.8% and 33.4%, respectively, coverage remains low. 8 The most common reasons for parental nonintent to receive HPV vaccination for their daughters include perception that the vaccine is not needed, sexual inactivity, and lack of knowledge about the vaccine. [9] [10] [11] Additional factors that have influenced parental acceptance of HPV vaccination include beliefs about the vaccine's safety and effectiveness, fear of condoning premarital sex, provider recommendations, as well as media coverage. [12] [13] [14] Parental delay or refusal of HPV vaccination of their daughters may contribute to low vaccination rates. Additionally, vaccination rates may differ by the degree of delay and/or refusal. For instance, Smith et al observed decreasing vaccination rates among children 24 to 35 months old with increasing degrees of delay and/or refusal measured by parents who neither delayed or refused vaccines, parents who delayed only, parents who refused only, and parents who both delayed and refused vaccines. 15 To our knowledge, the examination of delay and refusal of the HPV vaccine and its association with vaccination status has not been reported among adolescents. We hypothesize that girls whose parents report ever delaying and/or refusing HPV vaccination have lower vaccination rates compared to those who reported neither delaying or refusing the vaccine and that HPV vaccination rates decrease with increasing levels of delay and refusal. The objectives of this study were to (a) assess the prevalence of delaying or refusing HPV vaccination, (b) assess vaccination rates among girls with a history of delaying and/or refusing the vaccine, (c) describe associations between initiation of the HPV series and delay and/or refusal of the vaccine, and (d) describe reasons for delaying and refusing HPV vaccination among girls 13 to 17 years old.
Methods
We used data from the parental attitudes module of the 2010 National Immunization Survey-Teen (NIS-Teen). 16 The target population of the NIS-Teen is 13-to 17-year-old adolescents. Data were collected in the NIS-Teen in 2 phases. The first phase consisted of a randomdigit-dialing telephone survey of parents/guardians of adolescents; the second phase consisted of a mail survey to all vaccination providers identified by the parent and for which consent was granted. The NIS-Teen represents a stratified, national, probability sample of landline-telephone households in the United States. Cell phone households were not added to the NIS-Teen sampling frame until the 2011 NIS-Teen. 6 During the third and fourth quarters of 2010, the NIS-Teen included a parental attitudes module, which included questions regarding parental delay or refusal of vaccinations. The parental attitudes module included 10 808 completed household interviews for a Council of American Survey Research Organizations response rate of 40.2%. 17 Among those who completed the household survey and the parental attitudes module, 8652 (80.0%) had adequate provider-reported vaccination histories; 4132 were girls. Because the HPV vaccine was only routinely recommended for girls at the time of data collection, the analysis is limited to girls. Twenty-nine respondents responded "don't know" or "refused" to HPV delay and refusal questions and were excluded from the analysis, making a total sample of 4103 girls. Parents were asked, "Has there ever been a time when you delayed or put off getting a vaccination for [TEEN]" and "Has there ever been a time when you refused or decided not to get a vaccination for [TEEN]?" Parents who reported delaying or refusing a vaccination for their adolescents were then asked what vaccine they ever refused or delayed and reasons why. Several reasons were read by the interviewer. Yes, no, don't know, refused, or verbatim responses were given by parents. Questions in the NIS-Teen parental attitudes module are available. 18 Survey respondents were categorized into 4 groups consecutively ordered in increasing degrees of delay and refusal: (a) neither delayed nor refused, (b) delayed only, (c) refused only, or (d) both delayed and refused an HPV vaccination. Select sociodemographic characteristics, including some associated with HPV vaccination (ie, age, race, income, entitlement for the Vaccines for Children Program (the VFC program provides free vaccine to those who are 18 years or younger,American Indian/Alaskan Native, uninsured, Medicaid-eligible, or underinsured and receive vaccinations at Federally Qualified Health Clinics or Rural Health Clinics), maternal characteristics, provider recommendation), are reported by parents for each delay or refusal category. 9, 10 Initiation rates of the 3-dose HPV vaccine series, parental intentions to vaccinate their unvaccinated daughters within the next 12 months, and reasons for delaying and/ or refusing vaccination are reported among the 4 groups. Parents reporting delaying or refusing HPV vaccine could have had their daughters initiate the HPV vaccination series by the interview date. Parents could have delayed or refused any of the three doses required to complete the series.
All vaccination coverage estimates in this study were determined from provider-reported records. Only adolescents with adequate provider data were included in the analysis, that is, those with sufficient vaccination information obtained from the provider(s) to determine vaccination status. Details of the NIS-Teen methodology, including how vaccination data are combined to produce a synthesized immunization history and weighting procedures, have previously been published. 16 NIS-Teen was approved by the Centers for Disease Control and Prevention Institutional Review Board.
Statistical Analysis
Bivariate analyses were used to describe the distribution across selected sociodemographic characteristics among the 4 HPV delay and refusal categories and reasons for delaying or refusing vaccination. Approximate t tests were used to determine statistically significant differences. We considered differences with P values of <.05 as statistically significant. Data were analyzed using SAS-callable SUDAAN version 9.3 to account for the complex sampling design of the NIS-Teen (Research Triangle Institute, Research Triangle Park, NC).
Results

Self-Reported Vaccine Delay and Refusal
Participant sociodemographic characteristics are stratified by 4 delay or refusal categories: (a) neither delayed nor refused, (b) delayed only, (c) refused only, or (d) both delayed and refused HPV vaccination. Among all girls, 69% of their parents neither delayed nor refused the HPV vaccine before the interview date (Table 1) . Approximately10% delayed only, 16.6% refused only, and 3.4% both delayed and refused HPV vaccination for their daughters. By the interview date, the percent of girls administered ≥1 HPV dose was: 61.8% (neither delayed nor refused), 53.2% (delayed only), 6.6% (refused only), and 10.4% (both delayed and refused). Most parents in each delay and refusal group reported receiving a provider recommendation for HPV vaccination of their daughters. Compared with those in the neither delayed or refused group, a significantly higher proportion of parents that delayed only reported intentions to have their daughters vaccinated within the next 12 months. Conversely, compared with those in the neither delayed or refused group, a significantly lower proportion of those that refused only reported intentions to have their daughters vaccinated within the next 12 months.
There were statistically significant differences in sociodemographic characteristics among the 4 delay or refusal groups. Compared with girls in the neither delayed nor refused group, girls in the delayed only group were significantly more likely to be white, live in households with incomes of 322% to <503% of the federal poverty level, not VFC-entitled, or have mothers with college degrees (Table 1) . Compared with girls in the neither delayed or refused group, girls in the refused only group were significantly more likely to be not VFC-entitled, have mothers with education levels of high school or some college (nongraduate) or with college degrees, or receive all of their vaccines at mixed facilities. Compared with girls in the neither delayed or refused group, girls in the both delayed and refused group were significantly more likely to be white, live in households with incomes of ≥503% federal poverty level, not VFC-entitled, had all private vaccination providers, or have mothers who were ≥45 years old, married, or with college degrees. Figure 1 shows the proportion of girls who initiated the HPV series and those who were unvaccinated. Among the unvaccinated girls, those with parental intentions to have their daughters receive HPV vaccination within the next 12 months are indicated. (Girls whose parents responded "unsure," "don't know," or "refused" to the intent question were considered missing and not included in the figure. HPV series initiation rates differ from those reported in Table 1 because of smaller sample sizes resulting from these missing responses.) Sixtysix percent of those who neither delayed nor refused, 55.1% of those who delayed only, 6.9% of those who refused only, and 11.2% of those who both delayed and refused initiated the series by the time of interview. Fifteen percent of those who neither delayed nor refused, 28.4% of those who delayed only, 12.2% of those who refused only, and 35.0% of those who both delayed and refused were unvaccinated and intended to receive the vaccine within the next 12 months. Nineteen percent of those who neither delayed nor refused, 16.5% of those who delayed only, 81.0% of those who refused only, and 53.8% of those who both delayed and refused were unvaccinated and did not intend to receive the vaccine within the next 12 months.
Reasons for Vaccine Delay or Refusal Among Unvaccinated Girls
Parental reasons for delaying or refusing the HPV vaccine were grouped into 3 categories: (a) knowledge or vaccine necessity, (b) vaccine safety, and (c) access. Reasons for delaying or refusing HPV vaccination among unvaccinated girls were compared among the delay or refusal groups ( Table 2 ). The 4 most common reasons for nonvaccination among all the delay and refusal groups were concerns about lasting health problems, the vaccine is not needed, wondering about the vaccine's effectiveness, and teen is not sexually active. Among reasons related to knowledge or vaccine necessity, those who refused only and who both delayed and refused were significantly more likely than those who delayed only to report wondering about the vaccine's effectiveness, teen not sexually active, and belief that the vaccine is not needed.
Among reasons related to vaccine safety, those who refused only were significantly more likely than those who delayed only to report concerns about lasting health problems and hearing or reading bad things about the vaccine through different media. Those who both delayed and refused were significantly more likely to report concerns about lasting health problems, feeling that there are too many shots, and concerns about shortterm problems like fever and discomfort. Among reasons related to vaccine access, the 2 most common reasons among the delayed only and refused only groups were inconvenience getting the vaccine and cost concerns. Reporting inconvenience of getting the vaccine was significantly more common among those who delayed only than those who refused only. 
Discussion
In 2010, nearly one third of parents reported having delayed and/or refused HPV vaccination for their daughters. Among those who delayed only, approximately 83% of girls had already started the vaccination series by the interview date or had intentions to start the series within the next 12 months. However, the proportion of those vaccinated, or with intentions to receive the vaccine, was smallest among those with a history of refusing only, followed by those who both delayed and refused HPV vaccination. Having a history of ever delaying, refusing, or both delaying and refusing HPV differed by certain sociodemographic characteristics. The most common reasons for nonvaccination were generally the same among all of the delay and refusal groups, although more frequently reported among those who refused. Parental report of HPV vaccine delay and refusal was associated with factors related to higher socioeconomic status. A significantly higher proportion of parents of girls who were non-Hispanic white, who lived in households with higher incomes, who were not VFC-entitled, who had mothers with higher education levels, ≥45 years old, or who were married, delayed, refused, or both delayed and refused HPV vaccination compared with those who neither delayed nor refused the vaccine.
Although not extensively assessed among adolescents, studies among young children have found a similar pattern with greater vaccine refusal among parents who are white, have higher annual incomes, and are college graduates. 19, 20 Lower HPV series initiation rates among girls who are white, have mothers who are married or who are ≥45 years old, or who are privately insured may, in part, be because of higher rates of delay and refusal among these groups. 10, 11 Although the most common reasons for delaying and refusing HPV vaccination (ie, concerns about lasting health problems, believing that the vaccine was not necessary, wondering about the vaccine's effectiveness, and teen is not sexually active) were the same among all delay and refusal groups, the frequency of these reasons was significantly lower among those who delayed only compared with those who refused only and both delayed and refused. Despite delaying HPV vaccination, most girls who delayed, eventually initiated the series or had intentions to initiate it. Vaccine intentions are strong predictors of vaccine uptake among young women and changes in behavioral intention can lead to behavior change. 21, 22 Parents with intentions to vaccinate their daughters against HPV may likely vaccinate them. Yet some parents with concerns after receiving a provider recommendation may take a "wait and see" approach, delaying the vaccine to revisit the decision sometime later. 12, 23 Similarly, previous reports have found lower HPV initiation rates among those with perceived difficulties obtaining the vaccine. 14 Strategies, including educating parents and providers about the benefits of vaccination and safety of vaccination during minor illnesses, vaccinating at urgent and well visits, extending office hours, reducing client out-of-pocket costs, and having standing orders, may be strategies to decrease delay of HPV vaccination for safety or logistical concerns. [24] [25] [26] Nearly 50% to 75% of parents among the delay and refusal categories reported concerns about long-lasting health problems. However, among the general unvaccinated population of girls in the NIS-Teen, the report of safety concerns by parents without intentions to receive the HPV vaccine was only 19.3% in 2011. 27 Although this proportion has increased from 5.4% in the 2008 NIS-Teen (Centers for Disease Control and Prevention unpublished data), the higher proportion of parents reporting safety concerns in this analysis may have resulted from differences in obtaining reasons for not vaccinating and limiting the analysis to parents with a history of delaying and/or refusing the vaccine. In the general NIS-Teen, parents of unvaccinated adolescents are asked an open-ended question regarding reasons for nonvaccination. Yet the parental attitudes module asked parents whether specific reasons led to their delay or refusal of the vaccine, which may have prompted parents to report reasons that they may not have otherwise reported if asked an open-ended question. As HPV vaccination rates and intent to vaccinate increases in the general population, a larger proportion of the decreasing unvaccinated group may likely express safety concerns. Reporting reasons for nonvaccination among relatively smaller proportions of the population that have delayed and/or refused the vaccine does not reflect the frequency of reasons among the general population.
Reviews by regulatory groups have concluded that almost 6 years of postmarketing safety surveillance in girls have demonstrated safety to date. 28 Yet half of those who only refused HPV in our study reported hearing or reading bad things about the vaccine, which may reflect the vaccine safety concerns that have been raised by a variety of antivaccination groups and some anecdotal reports that have been widely publicized. 29 Additionally, reports of adverse events associated with vaccination have been reported on antivaccine Web sites 30, 31 and even published in medical literature. 32 Response to these reports by sources trusted by parents could help dispel safety concerns. 33 Doubts about the need for HPV vaccine and HPV vaccine effectiveness among all the delay and refusal groups suggest that additional parental education and increased provider recommendations for the vaccine would be helpful. Studies have reported lower vaccine acceptability of HPV vaccination among parents who have a lower perception of risk of infection for their children and who doubt the vaccine's effectiveness. 12, 13 A key influencing factor of mothers' decisions to vaccinate their daughters is a clinician providing key information about the necessity, safety and efficacy of the vaccine, while eliciting and addressing a mother's concerns. 34 For some mothers, clinicians educating them about HPV vaccination before the 11th birthday, allowing mothers an opportunity to consider vaccination before the actual vaccination visit was an influential factor in their decision to vaccinate their daughters. 34 Ongoing conversations between parents and providers may foster increased trust and vaccine acceptance among parents who refuse vaccinations. 35 Such conversations may have contributed to the proportion of parents with intentions for vaccination among those who refused HPV vaccination in our analysis.
This analysis has some limitations. In 2010, NIS-Teen was a random-digit-dialing survey and was limited to landline households. It may not have been representative of nonlandline and wireless-only households, contributing to noncoverage bias. Nonresponse bias may remain after weighting adjustments. Provider data or vaccination histories may be incomplete. Sample sizes may have been too small to detect statistically significant differences. Parent report of provider recommendations and the name of the vaccine that they delayed or refused may be subject to recall bias. We did not assess the timing between initially delaying or refusing HPV vaccination among those who eventually initiated the series, or who may have initiated the series and delayed the second or third doses. Similarly, events or reasons that made a parent change his or her mind about vaccination is unknown. Parental intentions or non-intentions to receive the vaccine may not reflect actual vaccination practices. Some parents' affirmative responses to survey questions regarding their intent to vaccinate their adolescent may reflect their desire to provide a socially desirable reply, although actual intent to vaccinate may be different.
Conclusion
Human papillomavirus vaccination estimates lag behind those for other adolescent vaccines in the United States. 8 Parental education about HPV and HPV-associated cancers, as well as the benefits and safety of vaccination can help increase vaccine acceptance. 36, 37 Inquiring about parents' reasons for delay or refusal and seeking opportunities to address concerns or barriers through ongoing discussions may help increase acceptance among parents who delay or refuse vaccinations. Effective strategies to increase vaccine acceptance in parents with varying degrees of HPV vaccine delay and refusal may differ. Enhanced educational efforts by multiple sources trusted by parents may be needed to increase coverage among daughters of parents who refuse HPV vaccination.
